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SOYBEAN  HARVESTING 


by 

W.  R.  Nave,  D.  E.  Tate,  J.  L.  Butler,  and  R.  R.  Yoerger1 


During  the  last  few  years,  soybeans  have  be- 
come the  leading  cash  crop  in  the  United  States. 
More  than  a  billion  bushels  are  produced  on  over 
40  million  acres  in  30  states.  Even  though  they 
have  attained  this  position,  soybeans  are  gen- 
erally planted  and  harvested  with  equipment  de- 


signed for  other  crops.  When  present-day  grain 
combines  are  used  for  soybeans,  harvesting  losses 
are  generally  more  than  8  percent  of  the  crop 
yield.  Reduction  of  these  losses  to  4  percent 
would  result  in  approximately  50  million  bushels 
more  for  soybean  farmers. 


Results  and  Discussion 


The  grain  combine  harvester  has  been  used  for 
soybeans  since  the  mid-twenties,  however,  little 
progress  has  been  made  in  reducing  soybean  har- 
vest losses  ( table  1 ) .  An  extensive  study  of  soy- 
bean harvesting  was  made  by  Lamp  and  associates 
(4)-  in  Ohio.  Tests  conducted  from  1956  to  1960 
showed  that  total  harvest  losses  varied  from  8.8 
percent  to  19.3  percent.  Eighty  percent  of  all 
losses  was  gathering  loss.  This  consisted  of  55 
percent  shatter,  28  percent  lodged  and  stalk,  and 
17  percent  stubble  loss.  These  tests  also  showed 
that  preharvest  loss  was  negligible  when  kernel 
moisture  was  above  ten  percent. 

There  has  been  a  marked  improvement  in  the 
threshing  and  separating  ability  of  the  combine 
when  proper  adjustments  are  made.  Little  prog- 
ress, however,  has  been  made  in  the  reduction  of 
header  losses,  which  are  the  major  portion  of  the 
field  loss  when  harvesting  soybeans. 

In  1968,  a  cooperative  research  project  was 
initiated  by  the  former  Agricultural  Engineering 
Research  Division,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture  and  the  Agricul- 


1W.  R.  Nave  is  project  leader;  D.  E.  Tate,  agricul- 
tural engineer;  J.  L.  Butler,  research  leader;  Regional 
Soybean  Laboratory,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture;  and  R.  R.  Yoerger  is 
professor.  Department  of  Agricultural  Engineering,  Uni- 
versity of  Illinois,  Urbana,  Illinois. 

-Italic  numbers  in  parenthesis  refer  to  Literature 
Cited,  page  11. 


Table  1.  —  Field  losses  from  combine  harvesting 
of  soybeans 


Illinois 

Ohio 

Illinois 

Type  of  loss 

1927' 

1957-602 

1968:i 

Percent 

Percent 

Percent 

Header  loss   

10.5 

9.8 

8.9 

Threshing  and 

separating  loss . 

1.2 

1.8 

.3 

Total   

11.7 

11.6 

9.2 

i  Lehmann,  E.  W.  and  Blauser,  I.  P.  Combines  in 
Illinois.    111.  Agr.  Exp.  Sta.  Cir.  316.  1927. 

2 Lamp,  B.  J.,  Johnson,  W.  H.,  Hardness,  K.  A.,  and 
Smith,  P.  E.  Soybean  harvesting  approaches  to  im- 
proved harvesting  efficiencies.  Ohio  Agr.  Exp.  Sta.  Res. 
Bui.  899.  1962. 

:i  Patterson,  J.  R.  Soybean  combine  losses  as  related  to 
combine  adjustments.  Unpub.  undergraduate  thesis, 
Dept.  of  Agr.  Engin.,  Univ.  of  Illinois,  Urbana.  1969. 

tural  Engineering  Department  of  the  University 
of  Illinois.  This  project  was  initiated  to  find  ways 
of  reducing  losses  by  improved  machines  or  meth- 
ods or  both.  One  of  the  first  problems  was  to 
develop  accurate  methods  for  determining  losses. 

Field  loss  categories 

Field  losses  were  collected  in  the  following 
categories: 

Preharvest   loss  —  beans   detached  from 
stalks  and  lying  on  the  ground  before  harvest. 
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Header  loss —  including  (1)  shatter  loss, 
beans  free  of  pods  or  in  pods  free  of  stalks; 
(2)  stubble  loss,  beans  remaining  in  pods  at- 
tached to  the  stubble;  (3)  lodged  loss,  beans 
remaining  in  pods  attached  to  stalks  which 
were  not  cut  or  were  cut  at  heights  greater 
than  the  stubble;  and  (4)  stalk  loss,  beans  re- 
maining in  pods  attached  to  stalks  which  were 
cut,  but  not  delivered  into  the  harvester. 

Threshing  loss  and  separating  loss  —  un- 
threshed  beans  remaining  in  pods  which  passed 
through  the  harvester  and  beans  free  of  pods 
which  passed  through  the  harvester. 

Header  losses  were  collected  from  a  frame 
three-feet  wide  by  the  full  length  of  the  header 
(fig.  1).  The  header  loss  samples  were  collected 
immediately  after  stopping  the  combine,  clearing 
the  header,  and  backing  away  from  the  uncut 
soybeans. 

In  the  controlled  experiments  at  Urbana, 
threshing  and  separating  losses  were  collected 
from  the  combine  on  a  ten-foot  long  canvas.  From 
the  farmer-operated  combines,  threshing  and 
separating  losses  were  determined  by  using  a 
one-foot  wide  rack  by  the  same  length  as  header. 
Total  loss  was  collected  from  the  rack  after  the 
combine  had  passed  through  the  field.  Threshing 


Figure  1.  —  Technique  for  collecting  header  losses. 
Stubble  loss  and  shatter  loss  were  only  collected  in  a 
one-foot  strip.  Lodged  loss  and  stalk  loss  were  col- 
lected in  the  three-foot  width  of  the  frame. 


and  separating  losses  were  determined  by  sub- 
tracting preharvest  and  header  losses  from  the 
total  loss. 

For  the  controlled  experiments,  yield  was  de- 
termined from  grain  tank  weights  for  a  225-foot 
strip.  For  the  farmer-operated  combines,  only  an 
estimate  of  yield  was  obtained. 


Table  2.  —  Soybean  yield  and  harvest  losses  as  influenced  by  weed  infestation  and  combine  ground 

speed  at  Urbana,  III. 


Threshing 

Speed  Total  and 


Weed 

of 

Preharvest 

Shatter 

Stubble 

Lodge 

Stalk 

header 

separating 

Total 

Total 

infestation 

combine 

loss 

loss 

loss 

loss 

loss 

loss 

loss 

loss 

yield 

Bushels 

1968: 

( m.p.h.) 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

per  acre 

Pigweed   

1 

0.40 

2.43 

0.81 

0.43 

1.92 

5.59 

0.68 

6.67 

43.9 

2 

.36 

2.52 

2.12 

.56 

1.74 

6.94 

2.06 

9.36 

48.9 

3 

.18 

3.06 

1.80 

.70 

2.38 

7.94 

4.38 

12.50 

42.3 

Weed  free 

2 

.13 

3.29 

1.03 

.84 

1.78 

6.94 

.35 

7.42 

60.3 

3 

.17 

2.69 

.97 

.48 

2.05 

6.19 

.48 

6.84 

61.0 

4 

.06 

3.81 

.15 

.74 

2.69 

7.39 

.34 

8.80 

60.8 

1969: 

Pigweed   

1 

.30 

2.93 

1.20 

.91 

4.36 

9.40 

1.15 

10.85 

39.6 

2 

.36 

3.50 

1.69 

1.66 

5.77 

12.62 

.85 

13.83 

37.2 

3 

.26 

.2.44 

1.82 

.94 

5.39 

10.59 

1.29 

12.14 

39.7 

Foxtail   

1 

.31 

3.40 

.77 

.47 

1.68 

6.32 

.98 

7.61 

47.2 

2 

.23 

3.33 

1.39 

.81 

1.96 

7.49 

1.10 

8.82 

45.6 

3 

.29 

3.49 

1.38 

.52 

2.02 

7.41 

1.45 

9.15 

51.0 

Weed  free 

2 

.23 

2.27 

.66 

.42 

1.96 

5.31 

.25 

5.79 

54.7 

3 

.18 

2.19 

.99 

.07 

1.70 

4.95 

.29 

5.42 

55.4 

4 

.17 

3.24 

.38 

.54 

2.15 

6.31 

.57 

7.05 

56.2 
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Effect  of  weeds 

Weeds  have  been  recognized  as  a  detriment  to 
soybean  production  for  a  long  time,  but  only  in 
recent  years  has  their  effect  on  combine  harvest- 
ing efficiency  been  studied.  Experiments  were 
conducted  at  Urbana,  111.  in  1968  and  1969  to 
determine  the  effect  of  a  controlled  smooth  pig- 
weed and  giant  foxtail  infestation  on  soybean 
yields  and  harvesting  losses  (7). 

In  the  results  of  these  experiments  (table  2) 
the  average  yield  was  reduced  25  to  30  percent  by 
the  smooth  pigweed  infestation.  The  same  degree 
of  giant  foxtail  infestation  reduced  yields  13  per- 
cent. Except  for  the  reduction  in  yield,  weeds  did 
not  cause  significant  header  losses  during  har- 
vest, provided  the  weeds  were  desiccated  before 
harvest  began.  Harvesting  soybeans,  before  frost 
has  desiccated  the  weeds,  results  in  excessive 
threshing  and  separating  loss  unless  combine 
ground  speed  is  reduced.  The  total  harvest  loss 
was  greater  when  harvesting  before  frost  in  pig- 
weed-infested plots  at  two  m.p.h.,  than  in  weed- 
free  plots  at  four  m.p.h.  —  9.4  percent  compared 
to  8.8  percent.  Threshing  and  separating  loss  in 
the  pigweed-infested  plots  was  4.4  percent  at 
three  m.p.h.,  as  compared  with  0.7  percent  at  one 
m.p.h.  In  plots  harvested  after  the  pigweeds  were 
dry,  the  threshing  and  separating  loss  was  about 
1  percent  at  both  speeds. 

Compared  with  the  weed-free  plots,  shatter 
losses  were  significantly  greater  in  the  giant  fox- 
tail plots.  Threshing  and  separating  losses  were 
approximately  the  same  in  giant  foxtail  and 
smooth  pigweed  plots.  Stalk  losses,  however,  in 
the  giant  foxtail  plots  were  about  one-half  those 
in  the  smooth  pigweed  plots. 

In  addition  to  the  reduction  in  total  yield 
because  of  weeds,  the  stubble  losses,  stalk  losses, 
and  threshing  and  separating  losses  were  all 
higher  in  the  weedy  plots  than  in  the  weed-free 
plots. 

Effect  of  population  and  row  spacing 

Recent  studies  indicate  that  population  and 
row  spacing  can  affect  lodging  in  soybeans  (2). 
Experiments  were  conducted  at  Urbana,  111.  in 
1969,  1970,  and  1971  to  determine  the  effect  of 
population,  row  spacing  and  cultivation  on  soy- 
bean yields  and  harvest  losses.  Amsoy  variety 
was  grown  in  1969  and  1970  and  Beeson  variety 
in  1971.  Population  levels  were  grouped  in  three 


Table  3.  —  Range  of  populations  for  a  3-year 
study  at  Urbana,  III. 


Row 

Plant  population 
thousands  per 

level  in 
acre 

Year 

spacing 

Low 

Medium 

High 

1969 

1970  

1971 

Inches 
15  and  30 
15  and  30 
8,  15  and  30 

105-126 
58-67 
95-113 

146-174 
108-156 
170-205 

178-206 
167-180 
220-305 

categories  as  shown  in  table  3. 

The  1969  experiments  were  harvested  with  a 
standard  header  which  produced  stubble  heights 
of  about  4  inches.  Stubble  height  for  the  1970 
experiments  was  approximately  2  x/2  inches,  and  it 
was  obtained  with  a  floating  cutterbar.  In  1971, 
a  combination  floating  cutterbar  and  finger 
height  control  (see  section  on  Header  compari- 
sons, page  4),  was  used  which  produced  stubble 
heights  of  about  3  inches. 

The  floating  cutterbar  reduced  stubble  height 
and  resulted  in  considerably  lower  stubble  and 
lodge  losses  (table  4).  Shatter  losses  were  re- 
duced somewhat  with  the  floating  cutterbar  since 
lower  stubble  reduces  the  number  of  pods  shat- 
tered by  the  cutterbar  (see  section  on  Header 
comparisons).  Stalk  losses  were  higher  from  the 
plots  with  cultivation  and  with  higher  population. 

Yield  was  not  significantly  different  for  any  of 
the  populations  or  row  spacings  over  the  3-year 
period  (table  4).  Low  seeding  rates,  even  less 
than  100,000  plants  per  acre  produced  compar- 
able yields  to  the  higher  seeding  rates.  Because 
of  lodging,  the  higher  populations  resulted  in 
higher  header  losses,  especially  in  the  30-inch 
rows  without  cultivation. 

Heavy  cultivation  in  the  30-inch  rows  reduced 
lodging;  however,  harvest  losses  were  increased 
in  the  cultivated  plots  since  plant  material  was 
cut  and  lost  between  the  ridged  rows.  The  in- 
creased losses  in  the  cultivated  plots  were  a  result 
of  increased  stalk  losses  (table  4,  1969  and  1970). 

With  only  one  year  of  supporting  data,  the 
most  significant  reduction  in  total  header  loss 
occurred  in  the  8 -inch  rows  with  a  population  of 
approximately  170,000  plants  per  acre.  When 
population  was  reduced  to  approximately  100,000 
plants  per  acre  in  narrow  rows,  lower  podding 
resulted  and  both  shatter  and  stalk  losses  in- 
creased (table  4,  1971). 
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Table  4.  —  Soybean  yield  and  harvest  losses  as  influenced  by  population,  row  spacing,  and  cultivation 


at  Urb 

ana,  III. 

1  nresning 

Total 

and 

Row 

Preharvest 

Shatter 

Stubble 

Lodge 

Stalk 

header 

separating 

Total 

Total 

Population 

spacing 

loss 

loss 

loss 

loss 

1  

loss 

less 

loss 

loss 

yield 

Bushels 

LVOV . 

Inches 

Percent 

Percent 

Percen t 

Percent 

Percent 

Percent 

Percen t 

P p  jt  fn  t 

l J  c  1    ut  /  C 

Low  

15 

0.09 

3.91 

2.92 

0.32 

1.16 

8.31 

0.73 

9.13 

54.4 

30 

.04 

2.98 

.78 

.06 

1.26 

5.08 

.33 

5.45 

53.9 

30  W 

.10 

3.19 

1.68 

.74 

2.02 

7.63 

.30 

8.03 

58.9 

Medium   

15 

.11 

4.03 

1.69 

.56 

1.23 

7.51 

.39 

8.01 

54.5 

30 

.03 

2.77 

.71 

.30 

.96 

4.74 

.35 

5.12 

54.2 

30W 

.08 

3.08 

.92 

.42 

.99 

5.41 

.24 

5.73 

52.4 

High   

15 

.07 

2.62 

1.31 

.45 

1.05 

5.43 

.71 

6.21 

53.1 

30 

.05 

2.13 

2.76 

.59 

1.14 

6.62 

.35 

7.02 

52.6 

30W 

.09 

3.33 

1.32 

.72 

1.26 

6.63 

.19 

6.91 

52.3 

Lv  IV. 

Low  

15 

.29 

2.14 

.30 

.95 

3.47 

6.86 

.32 

7.47 

61.6 

30 

.28 

1.39 

.31 

.30 

2.88 

4.88 

.12 

5.28 

57.4 

30W 

.38 

2.56 

.23 

.54 

6.57 

9.90 

.13 

10.41 

58.6 

Medium   

15 

.58 

2.39 

.01 

.07 

4.53 

7.00 

.36 

7.94 

59.6 

30 

.38 

1.81 

.02 

.11 

2.64 

4.58 

.09 

5.05 

59.4 

30W 

.45 

2.28 

.00 

.21 

5.43 

7.92 

.10 

8.47 

57.7 

High   

15 

.36 

1.97 

.03 

.15 

3.28 

5.43 

.15 

5.94 

60.4 

30 

.28 

2.12 

.00 

.17 

3.15 

5.44 

.16 

5.88 

57.3 

30W 

.73 

1.43 

.08 

.45 

4.91 

6.87 

.12 

7.72 

57.3 

iy  /  l  . 

Low  

8 

.14 

4.30 

.00 

.00 

2.96 

7.26 

.67 

8.07 

49.1 

15 

.22 

2.47 

.00 

.07 

3.71 

6.25 

.54 

7.01 

46.5 

30 

.23 

2.50 

.00 

.00 

1.93 

4.43 

1.22 

5.88 

48.5 

Medium   

8 

.36 

2.03 

.00 

.00 

1.25 

3.28 

1.10 

4.74 

50.0 

15 

.17 

2.39 

.00 

.00 

1.92 

4.31 

1.14 

5.62 

49.6 

30 

.35 

2.57 

.00 

.02 

2.82 

5.41 

1.24 

7.00 

41.8 

High   

8 

.07 

1.75 

.00 

.01 

2.78 

4.54 

1.52 

6.13 

45.5 

15 

.26 

3.15 

.00 

.08 

2.36 

5.59 

1.70 

7.55 

46.9 

30 

.43 

2.90 

.00 

.24 

5.85 

8.99 

2.53 

11.95 

46.2 

1  W  —  Treatments  with  cultivation. 


Header  comparisons 

Studies  of  gathering  unit  losses  and  their 
causes  indicate  that  a  significant  reduction  in 
harvesting  Josses  can  be  made  with  improved 
gathering  units.  Some  suggested  features  ( 1  >  for 
the  unit  are: 

1.  cutting  device  that  will  follow  the  ground 
contour, 

2.  cutting  device  that  will  cut  the  plants  at 
ground  level, 

3.  conveyor  system  that  will  move  all  the  ma- 
terial away  from  the  cutting  mechanism,  and 

4.  reel  system  that  will  reduce  shattering  of 
the  soybeans,  and  possibly,  direct  loose  soybeans 
to  the  conveying  mechanism. 


One  attempt  to  reduce  these  excessive  header 
losses  was  the  design  of  an  experimental  air- 
conveyor  header  (6).  A  conventional  grain  plat- 
form was  modified  by  moving  the  cutterbar  for- 
ward 24  inches  and  ejecting  a  blast  of  air  at  the 
back  of  the  cutterbar  to  deliver  plant  material 
to  the  cross  auger  on  the  main  platform  (fig.  2). 
Although  this  unit  worked  satisfactorily  in  the 
field,  harvest  losses  were  not  reduced  since 
stubble  height  was  not  decreased.  Shatter  losses 
from  the  cross  auger  and  feeder  house  were  re- 
duced; however,  there  was  some  additional  shat- 
ter due  to  the  interference  of  the  duct  work  just 
back  of  the  cutterbar. 

To  reduce  excessive  stubble  heights  obtained 
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Figure  2.  —  Cross  section  of  the  first  air-conveyor  header. 


with  the  original  air-conveyor  header,  a  floating 
cutterbar  (fig.  3)  was  incorporated  into  the  air- 
conveyor  design  (fig.  2). 

A  floating  cutterbar  provides  enough  flexibility 
for  the  cutterbar  to  follow  the  ground  contour; 
however,  some  shatter  loss  occurs  because  of  the 
steep  incline  of  the  transition  plate  between  the 
cutterbar  and  the  header  platform  (fig.  3).  With 
the  floating  cutterbar  air-conveyor  header  design 
(fig.  4),  the  cutterbar  was  moved  forward  18 
inches  to  decrease  this  slope  (10).  Air  moved  the 
shattered  material  up  the  incline  to  reduce  shat- 
ter losses. 

Air  was  supplied  by  two  3-horsepower  centrif- 
ugal fans  mounted  on  the  back  of  the  header 
(fig.  4).  A  flexible  belting  material  formed  the 
air  duct  between  the  front  edge  of  the  header 
platform  and  the  back  edge  of  the  floating  cutter- 
bar. Air  was  ejected  from  the  outlet  back  of  the 
cutterbar  at  approximately  3,000  feet  per  minute. 


Figure  3.  —  Floating  cutterbar  attachment. 


CENTRIFUGAL   


JOINT  FRONT 

Figure  4.  —  Floating  cutterbar  air-conveyor  header  cross 
section  showing  air  passage. 

The  success  of  the  floating  cutterbar  air-con- 
veyor header  was  measured  by  the  number  of 
soybeans  left  in  the  field  compared  with  those 
left  by  a  standard  header  or  a  floating  cutterbar 
header.  Hark,  Corsoy,  and  Wayne  soybeans  were 
compared  in  1970;  and  Hark,  Calland,  and 
Beeson  soybeans  were  used  in  1971.  The  plots 
were  harvested  as  soon  as  possible  after  the  seeds 
reached  13  percent  moisture.  Weather  conditions 
prevented  harvest  of  the  Wayne  and  Beeson 
varieties  until  about  two  weeks  after  maturity. 
To  assure  realistic  comparisons,  all  headers  were 
compared  on  the  same  day  in  each  variety.  In- 
dividual header  and  combine  adjustments  are 
shown  in  tables  5  and  6. 

Field  comparisons  were  made  in  1970  between 
the  following  (IV;  the  floating  cutterbar  air-con- 
veyor header  constructed  on  a  15-foot  platform, 
a  standard  15-foot  header  equipped  with  a 
spring-float  header  height  control,  a  13-foot 


Table  5.  —  Combine  adjustments  for  headers 


Adjustment 

f970 

1971 

Ground  speed  

 mi/h 

2.7 

2.5 

Reel  speed   

....  r/min 

32 

30 

Reel  tine  pitch   

. .degrees 

3  to  6 

3  to  6 

Cvlinder  speed  

....  r/min 

500 

525 

Front  concave  clearance  .... 

 inch 

% 

% 

Rear  concave  clearance  .... 

 inch 

% 

% 

Fan  speed   

....  r/min 

910 

810 

Chaffer  opening  ..."  

 inch 

% 

% 

Sieve  opening   

 inch 

V* 

5 


Table  6.  —  Individual  header  adjustments 


Reel  Reel  to  Auger 
height1  eutterbar  speed 


Inches 

Inches 

Standard  header   

3 

14 

177 

Air-conveyor   

3 

6 

177 

Floating  eutterbar  1970  .  . 

3 

8 

194 

Floating  eutterbar  1971  .  . 

3 

12 

177 

Row  units  

3 

3 

194 

xSee  figure  5  for  description. 


header  equipped  with  a  floating  eutterbar  attach- 
ment, and  a  13-foot  header  equipped  with  five 
individual  row  attachments  (fig.  6). 

Field  comparisons  were  made  in  1971  between 
the  following:  the  floating  eutterbar  air-conveyor 
header,  a  standard  15-foot  header  equipped  with 
finger  height  control  (fig.  7),  a  15-foot  header 
equipped  with  a  floating  eutterbar  attachment, 
and  a  15-foot  header  equipped  with  a  floating 
eutterbar  which  used  a  finger  height  control  to 
maintain  table  position. 

The  first  year  the  air-conveyor  header  reduced 
losses  significantly  when  compared  with  the 
standard  header  (table  7) ,  but  not  to  the  floating 
eutterbar  or  row  units.  Most  of  the  reduced 
losses  were  a  result  of  a  significant  reduction  in 
stubble  and  stalk  losses  along  with  a  small  re- 
duction in  shatter  loss.  Also  there  was  a  signifi- 
cantly lower  stubble  height  with  the  air-conveyor 
header.   Header  losses  with  the  air-conveyor 
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Figure  5.  —  Parameters  of  the  pick-up  reel. 


Figure  6.  —  Individual  row  units. 


header  were  not  significantly  lower  than  those 
from  the  floating  eutterbar  or  the  row  units. 
Lodge  loss  with  the  row  units  was  significantly 
higher  than  with  the  other  headers.  Stubble 
height  was  significantly  lower  following  the  float- 
ing eutterbar  or  row  units  than  the  standard 
header. 

Again  the  second  year,  the  air-conveyor  header 
produced  smaller  header  losses  than  any  of  the 
other  headers  (table  8).  There  was  a  significant 
reduction  in  stalk  loss  when  using  the  air-con- 
veyor header  as  compared  with  the  standard  or 
combination  header.  Header  losses  with  the  float- 
ing eutterbar  or  combination  header  were  not 
significantly  lower  than  those  from  a  standard 
header.  The  reduction  in  losses  with  the  floating 
eutterbar  header  was  primarily  due  to  signifi- 
cantly lower  stubble  height  and  reduced  stalk 


Figure  7.  —  Header  equipped  with  a  hydraulic  finger 
height  control. 
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Table  7.  —  1970  Header  comparisons 


Treatment  means 


Standard 

with  Air-       Floating  Row 

Type  of  loss  skidplate  conveyor  cutterbar  units 


Preharvest  loss   percent?  0.59  0.41  0.53  0.03 

Shatter  loss   percent  4.42  3.56  3.56  4.10 

Stubble  loss  percent  2.70  .70  .96  1.74 

Lodge  loss   percent  .29  .24  .30  1.18 

Stalk  loss   percent  3.62  2.37  2.67  2.64 

Total  header  loss  percent  11.03  6.86  7.49  9.66 

Threshing  loss   percent  .22  .28  .26  .20 

Total  loss   percent  11.84  7.55  8.37  9.89 

Total  yield   bushels  per  acre  49.48  49.89  50.05  52.07 

Stubble  height   inches  3.82  2.35  2.72  2.74 


1  Average  of  data  from  Hark,  Corsoy,  and  Wayne  varieties  except  the 
row  units  where  Wayne  was  not  tested. 

2  Percent  loss  is  based  on  the  percent  of  total  yield. 


loss.  Reduced  shatter  loss  was  also  a  significant 
factor  in  reducing  total  header  losses  with  the  air- 
conveyor  header. 

The  two-year  average  total  header  loss  with 
the  air-conveyor  header  was  5.0  percent  com- 
pared with  8.8  for  the  standard  header  (table  9). 
This  provides  a  reduction  of  43  percent  in  total 
header  losses  when  using  the  air-conveyor  header. 
The  average  total  loss  obtained  with  the  floating 
cutterbar  header  was  6.5  percent,  a  reduction  of 
26  percent  compared  to  the  standard  header.  The 
air-conveyor  header  provided  a  significant  reduc- 
tion in  header  losses  when  compared  with  either 
of  the  other  headers  tested  in  1971. 


Combine  header  component  losses 

An  in-depth  investigation  of  the  soybean 
plant-combine  header  interface  was  conducted  at 
Iowa  State  University  (9).  Component  header 
losses  were  evaluated  by  using  a  laboratory 
header  test  stand.  The  results  from  this  labora- 
tory study  indicated  that  the  cutterbar  accounted 
for  80  percent  of  the  gathering  losses,  the  auger 
13  percent,  and  the  reel  fewer  than  8  percent. 

The  Illinois  research  objectives  were  to  deter- 
mine, under  field  conditions,  the  amount  of  har- 
vest loss  caused  by  the  cutterbar,  reel,  and  cross 
auger  of  the  combine  header.  To  accomplish  this 
goal,  a  pull-type  carriage  (fig.  8)  was  designed 


Table  8.  —  1971  Header  comparisons 


Treatment  means 


Floating  cutterbar 
Finger  height       Air-       Floating    and  finger  height 
Type  of  loss  control        conveyor  cutterbar  control 


Preharvest  loss   

 percent2 

2.22 

2.21 

1.53 

1.95 

Shatter  loss   

 percent 

3.59 

1.67 

3.91 

3.70 

Stubble  loss   

 percent 

.19 

.05 

.07 

.03 

Lodge  loss   

 percent 

.11 

.01 

.01 

.06 

Stalk  loss   

 percent 

2.59 

1.32 

1.59 

1.91 

Total  header  loss   

 percent 

6.48 

3.06 

5.59 

5.70 

Threshing  loss   

 percent 

.30 

.72 

.56 

.51 

Total  loss   

 percent 

9.00 

5.98 

7.67 

8.16 

Total  yield   

 bushels  per  acre 

49.57 

50.68 

50.27 

49.9 

Stubble  height   

 inches 

3.49 

2.75 

2.42 

2.18 

1  Average  of  data  from  Hark,  Beeson,  and  Calland  varieties. 

2  Percent  loss  is  based  on  the  percent  of  total  yield. 
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Table  9.  —  Header  comparisons  for  the  2-year 
study 


Treatment 

Floating  Air- 
Type  of  loss  Standard  cutterbar  conveyor 


Percent     Percent  Percent 


4.00 

3.73 

2.61 

Stubble  loss   

1.45 

.52 

.37 

Lodge  loss   

.20 

.16 

.13 

Stalk  loss   

3.10 

2.13 

1.85 

Total  header  loss  .  .  . 

8.75 

6.54 

4.96 

and  tested  (3).  By  using  this  carriage,  it  was 
possible  to  operate  headers  independently  of  the 
combine  and  to  collect  harvest  losses  without  in- 
terference from  the  combine. 

The  determination  of  the  harvest  losses,  from 
the  three  components,  was  accomplished  using 
two  separate  15-foot  headers.  One  was  altered 
(fig.  9)  by  removing  the  cross  auger  and  platform 
bottom  to  provide  the  base  unit  for  the  cutterbar 
only  and  the  cutterbar  plus  reel  treatments.  The 
second  header  was  left  intact  (fig.  8)  for  the 
third  treatment  which  included  the  cross  auger 
of  the  platform. 

Comparisons  were  made  in  Hark,  Beeson,  and 
Calland  soybean  varieties.  Header  losses  ranged 
from  2.5  to  3.8  bushels  per  acre  in  the  three  vari- 
eties tested.  Average  yields  for  the  three  varieties 
were  approximately  44  bushels  per  acre.  The 
average  cutting  height  was  3%  inches  for  all 
treatments  in  the  experiment. 

The  relative  magnitude  of  the  losses  contrib- 
uted by  each  of  the  header  components  is  shown 


Figure  9. — Technique  for  isolating  cutterbar  loss  from 
other  header  components.  Auger  and  reel  have  been 
removed.  Cutter  losses  are  collected  underneath  the 
plastic. 

in  table  10.  The  overall  mean  cutterbar  loss  for 
the  three  varieties  was  80  percent  of  the  total 
header  losses.  The  average  contribution  by  the 
auger  was  15  percent  with  the  reel  providing  the 
remaining  5  percent  to  the  total  header  loss. 
Based  on  this  investigation,  any  attempt  to  de- 
sign equipment  for  fewer  gathering  losses  should 
start  with  the  cutterbar  area. 

To  determine  the  effect  of  auger  speed,  com- 
parisons were  made  at  194  and  145  r.p.m.  Total 
header  loss  was  about  20  percent  higher  when 
operating  at  the  slower  auger  speed.  The  in- 
creased loss  was  primarily  a  result  of  increased 
shatter  losses  from  recutting  of  plant  material. 

The  effect  of  reel  speed  on  header  losses  was 
evaluated  using  reel  speed  to  ground  speed  in- 
dexes of  1.2  to  1.7  (fig.  10).  Two  reel  heights 
were  also  evaluated  with  the  tip  of  the  tine  set 
either  3-  or  8-inches  above  the  cutterbar. 

Both  shatter  and  total  header  losses  were  re- 
duced when  the  reel  was  operated  at  the  higher 


the  component  analysis. 


Table  10.  —  Header  component  loss  study 


Treatment      Shatter    Stalk    Stubble  Lodge  Total 


Percent  loss1 


Cutterbar 

42.4 

32.7 

5.1 

0.6 

80.7 

Reel   

3.2 

3.0  : 

-'-3.3 

1.7 

4.4 

Auger   

16.0 

2-2.9 

2.6 

-.8 

14.9 

Complete 

header  .... 

61.6 

32.8 

4.2 

1.4 

100.0 

1  Percent  loss  is  the  percent  of  the  total  loss  of  the 
complete  header. 

2  Minus  indicates  reduced  losses  from  a  header  com- 
ponent. 
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Figure  10.  —  Total  header  loss  for  two  reel  heights  at 
different  reel  to  ground  speed  indexes. 


position.  There  was  no  significant  difference  in 
losses  for  any  of  the  reel  speeds  within  the  range 
studied. 

Field  survey 

of  combine  harvest  losses 

To  make  a  comparison  of  harvest  losses  in  vari- 
ous parts  of  the  country,  a  survey  was  made  of 
35  combines  in  Illinois,  Arkansas,  and  Missis- 
sippi. Farmer-operated  combines  were  surveyed 
in  Champaign  and  Shelby  Counties,  111.;  Arkan- 


sas County,  Ark.;  and  Sunflower  county,  Miss. 
The  survey  in  Champaign  and  Shelby  Counties 
was  conducted  when  soybeans  were  about  the 
optimum  harvest  condition.  The  survey  in  Ar- 
kansas and  Sunflower  Counties,  however,  was 
conducted  in  early  November,  near  the  end  of 
the  normal  harvest  season. 

The  results  of  the  survey  were  summarized  for 
each  area  (table  11).  In  general,  the  losses  were 
within  the  range  of  those  expected  for  an  average 
harvesting  job  (table  12),  except  for  the  thresh- 
ing and  separating  loss.  Threshing  and  separating 
loss  was  abnormally  high  in  the  Champaign 
County  area,  and  especially  in  the  case  of  three 
or  four  combines.  There  were  some  maladjust- 
ments on  several  combines,  especially  in  cylinder 
speed,  concave  clearance,  and  chaffer  and  sieve 
settings.  Lodging  was  more  severe  in  Champaign 
County  than  in  either  of  the  other  areas. 

The  average  total  loss  in  Shelby  County,  111. 
was  close  to  the  value  determined  by  Ohio  State 
University  for  an  excellent  harvesting  job  (table 
12).  Again,  threshing  losses  were  higher  than  ex- 
pected; however,  Shelby  County  had  the  lowest 
threshing  loss  of  any  area  sampled.  Lodging  was 
not  as  great  a  problem  in  the  Shelby  County  area, 
which  accounts  for  some  of  the  reduced  shatter 
and  stalk  loss,  as  compared  with  the  Champaign 
County  area. 

The  eight  combines  surveyed  in  Arkansas 
County,  Ark.  were  all  harvesting  soybeans  for 


Table  11.  —  Farmer  survey  data  area  comparison 


Champaign    Shelby   Arkansas  Sunflower 
County       County    County  County 
Loss  Illinois       Illinois   Arkansas  Mississippi1 

Number  of  combines 
11  9  8  7 


Type  of  loss: 


Preharvest  loss  .  .  . 

percent2 

0.32 

0.24 

0.01 

0.15 

Shatter  loss   

percent2 

2.94 

1.73 

.98 

3.21 

Stubble  loss   

percent- 

1.06 

.16 

.07 

.34 

Lodge  loss   

percent2 

.19 

.44 

.18 

1.50 

Stalk  loss   

percent2 

1.75 

1.29 

1.00 

5.85 

Total  header  loss  . 

percent2 

6.26 

3.86 

2.24 

11.05 

Threshing  and 

separating  loss  . 

percent2 

3.17 

1.11 

1.31 

1.69 

Total  loss   

percent2 

9.44 

4.97 

3.54 

12.74 

Total  yield .  bushels 

per  acre 

49.38 

36.07 

36.87 

21.13 

Stubble  height 

inches 

3.67 

3.67 

4.20 

4.33 

Harvest  moisture  . 

. percent 

13.30 

12.90 

13.80 

12.20 

1  Includes  two  samples  from  Chicot  County,  Ark. 

2  Percent  loss  is  based  on  the  percent  of  total  yield. 
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Table  12.  —  Expected  loss  levels  in  harvesting 
soybeans1 


Loss  source 


Average  Excellent 
harvesting  harvesting 


Percent  Percent 

Preharvest    0.3  nil 

Shatter    5.4  2.1 

Stubble    1.8  .9 

Lodged  and  stalk   3.0  1.2 

Cylinder                                              .6  nil 

Separation                                           .6  .3 

Total   11.7  4.5 


1  "Soybeans  — ■  Where  Your  Harvest  Loss  Occurs  and 
Ways  to  Prevent  It!"  Delbert  M.  Byg,  Agricultural  En- 
gineering Department,  Ohio  State  University. 


seed  production.  As  a  result,  more  care  was  taken 
with  combine  adjustments,  and,  in  many  cases,  a 
slower  ground  speed  was  used  than  in  other  areas. 
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Figure  11. — Total  header  loss  as  influenced  by  header 
width. 


18  t- 


16  - 


14 


LU 
O 

cr 

LU 


CO 
CO 

o 


rr 

LU 
Q 
< 
LU 
X 


12 


2  6 
O 


o 


O  -  INDIVIDUAL  COMBINES 
■  -  AVERAGE 

O 


O 


o 


o 


o 
o 


o 


o  ■ 

o 

o 

o  o 

•    §  G 

@  G 


o 


o 


Floating  Finger 
Cutterbar  Control 


Skid 
Plate 


Manual 
Control 


HEADER    CONTROL  METHODS 

Figure  12.  —  Total  header  loss  as  influenced  by  header 
control  method. 


Stubble  height  was  greater  than  in  the  two  areas 
in  Illinois;  however,  the  soybeans  were  deter- 
minate varieties  which  tend  to  pod  higher,  reduc- 
ing stubble  loss.  Header  losses  for  Arkansas 
County  were  the  lowest  of  any  of  the  areas.  A 
threshing  loss  of  1.3  percent  seemed  to  be  accept- 
able since  they  were  more  concerned  about  dam- 
aging the  soybeans  than  losing  a  few  in  the  field. 

All  five  combines  surveyed  in  the  Sunflower 
County,  Miss,  area  were  harvesting  soybeans  that 
had  been  grown  on  newly  cultivated  land,  or  at 
least  under  weedy  conditions.  Two  combines  from 
Chicot  County,  Ark.  were  included  in  the  survey 
with  the  five  from  Mississippi.  Shatter  and  stalk 
losses  were  the  greatest  source  of  header  loss. 
Stubble  heights  were  high  in  several  of  these 
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fields  because  of  the  presence  of  stumps  and 
other  obstructions. 

There  is  a  general  trend  for  increased  header 
loss  as  header  width  is  increased  (fig.  11).  Header 
loss  was  greatest  for  the  20-foot  platforms;  how- 
ever, these  units  were  all  operating  in  weedy  con- 
ditions in  the  Mississippi  Delta.  The  majority  of 
headers  surveyed  were  13  or  14  feet  in  width.  In 
comparing  stubble  heights,  there  is  a  trend  for 
increased  stubble  height  as  header  width  is  in- 


creased. 

A  comparison  of  the  type  of  header  height  con- 
trol is  shown  in  figure  12.  Although  only  four 
floating  cutterbar  attachments  were  surveyed, 
this  comparison  shows  that  the  lower  stubble 
height  from  a  floating  cutterbar  helps  to  reduce 
total  header  loss.  The  results  when  using  a  hy- 
draulic finger  height  control  or  a  skid  plate  were 
about  equal,  and  manual  height  control  was 
slightly  higher  than  either  of  these. 


Su 

Several  surveys  in  recent  years  have  shown 
that  soybean  harvesting  losses  are  generally  more 
than  8  percent  of  the  crop  yield.  Our  project  was 
initiated  to  find  ways  of  reducing  losses  by  im- 
proved equipment  and  harvest  techniques. 

Weeds  cause  a  reduction  in  soybean  yield; 
however,  they  do  not  cause  significant  combine 
losses  when  care  is  used  at  harvest.  Ground  speed 
must  be  reduced  when  harvesting  weedy  soy- 
beans unless  the  weeds  are  disiccated  before 
harvest  begins. 

In  most  cases  yield  is  not  significantly  affected 
by  population  and  row  spacing.  Higher  popula- 
tions, however,  can  cause  excessive  header  losses 
because  of  lodging.  Heavy  cultivation  may  reduce 
lodging  but  usually  increases  harvest  losses  since 
plant  material  will  be  cut  and  lost  between  the 
ridged  rows.  Low  population  in  8-inch  rows  may 
increase  harvest  losses  from  the  lower  podding. 

Reduced  harvest  losses  were  obtained  by  using 
a  floating  cutterbar  attachment  as  compared  to  a 


ary 

standard  header.  An  air  assist  along  with  the 
floating  cutterbar  provided  even  greater  reduc- 
tions in  harvest  losses. 

The  amount  of  harvest  loss  contributed  by  the 
cutterbar,  reel  and  auger  was  determined  under 
field  conditions.  The  average  cutterbar  loss  for 
three  varieties  of  soybeans  was  80  percent  com- 
pared with  15  percent  for  the  auger  and  5  percent 
for  the  reel. 

Reel  speed  studies  showed  no  significant  differ- 
ence in  header  losses  with  a  reel  index  of  1.2  to 
1.7.  Shatter  losses  were  somewhat  lower  with  the 
reel  tines  set  at  eight  inches  above  the  cutterbar 
rather  than  at  three  inches. 

A  survey  of  35  combines  operating  in  four  areas 
of  the  soybean  producing  states  provided  harvest 
losses  ranging  from  3.5  to  12.7  percent.  The  most 
critical  factor  in  reducing  harvest  losses  is  to  ob- 
tain a  low  stubble  height.  Combine  adjustments 
are  important  to  obtain  low  threshing  and  sep- 
arating losses. 
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